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ABSTRACT

Hygiene and biosecurity on dairy farms reduce the incidence of mastitis and other infectious diseases. Bovine mastitis,
a common infectious condition, causes cattle culling and reduces milk output and quality, causing significant economic
loss. This study studied the association between environmental mastitis, hygienic milking practices, and dairy cattle
milk output. In addition, a thorough microbiological examination to detect the most important environmental indicator
bacteria that cause mastitis, such as Streptococcus spp., Staphylococcus spp., Pseudomonas spp., and E. coli spp., helps
determine the best mastitis control protocols. Three visits to a dairy farm in Qalioubia governorate, Egypt, yielded 285
samples (186 environmental, 27 workers, 72 milk samples, and swabs). Staphylococcus spp., Streptococcus,
Pseudomonas spp., and E. coli were the farm's most common bacteria, with an average hygiene score of 59%. Cow milk
output peaked in May at 4252L. With clinical mastitis incidence in June and July, it steadily decreased, reaching 3343L
in August in cows with the condition. Bovine Ephemeral Fever (BEF) complicated clinical mastitis during this decrease.
Due to farm workers' lack of biosecurity awareness, several biosecurity and personal hygiene processes in the dairy
farm were flawed, so the farm was infected with BEF, which complicated the losses, as it was $9,348.86/100 cows
because of clinical mastitis and became $53,561.29 after a complication with viral infection, these exorbitant losses
draw the need for training on the importance and the use of these measures. Overall, the results highlighted the critical
role of hygiene and biosecurity measures in reducing mastitis and other infectious diseases on dairy farms, as it identified
a significant link between poor hygiene milking practices and environmental mastitis caused by Streptococcus spp.,
Staphylococcus spp., Pseudomonas spp., and E. coli, which adversely affects milk output and quality. These findings
emphasize the need to enhance biosecurity and hygiene awareness among farm workers to mitigate environmental
mastitis-causing bacteria to improve farm management and productivity.

Key words: Environmental Mastitis, Hygienic Milking Practices, Biosecurity, Bacterial Prevalence, Economic Losses.

INTRODUCTION human health and economic stability. Milk, the main

product of the dairy industry, is a rich source of essential

The dairy industry plays a pivotal role in global nutrients such as proteins, vitamins, and minerals. It serves
agriculture and nutrition, contributing significantly to as a fundamental dietary component for people of all ages,

Cite This Article as: ElI Daous H, Alm El Din N, Nafei E, Abdallah M, Abd-El Hamed AM, Abdel-Wadoud IM, Elgazzar
E, Elkhayat M and Hafez E, 2025. Biosecurity measures, bacterial prevalence, and economic implications of environmental
mastitis and hygienic milking practices on an Egyptian dairy farm. International Journal of Veterinary Science 14(1): 79-
89. https://doi.org/10.47278/journal.ijvs/2024.193

79


http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.47278/journal.ijvs/2024.193
mailto:manar.elkhayat@fvtm.bu.edu.eg
https://doi.org/10.47278/journal.ijvs/2024.193
https://orcid.org/0000-0003-4965-6652
https://orcid.org/0009-0002-5840-6372
https://orcid.org/0009-0007-3423-3573
https://orcid.org/0000-0002-6474-7758
https://orcid.org/0000-0002-2559-4314
https://orcid.org/0000-0002-9861-1154
https://orcid.org/0000-0002-8524-7891
https://orcid.org/0009-0007-6610-1460

supporting bone health, muscle building, and overall well-
being (Lambrini et al. 2021). In healthy mammary glands,
milk is thought to be relatively sterile due to the strong
inherent defense mechanisms in the udder; however, once
milk is secreted from the udder, the potential for exposure
to different sources of contamination is increased. Spoilage
bacteria and pathogens can infiltrate milk from various
sources, including, encompassing the dairy farm
environment, feed, water sources, udder and teat surfaces,
milking equipment, raw milk tanks, and even personnel
involved in the milking process. Contamination risks are
particularly higher during the milking process, where direct
contact with hands, clothing, and milking equipment can
introduce microorganisms. Moreover, dairy farms pose
additional challenges as airborne particles and general
environmental conditions can contribute to the presence of
microorganisms (Ruegg 2017).

Mastitis, a prevalent disease in dairy cattle, is a
significant challenge to the global dairy industry. Public
health is potentially at risk because mastitis may transmit
zoonoses and sicknesses associated with food toxins
(Blum et al. 2008; Zouharova and Rysanek 2008). This is
often related to factors such as suboptimal hygiene
practices and inadequate farm management; contribute to
the inflammation of mammary glands (AL-bayati et al.
2023). In addition, the multifactorial nature of mastitis
results in varying prevalence and transmission rates
among different farms. This variation is influenced by the
effectiveness of the udder health control programs
implemented within individual farms (Hogeveen et al.
2011). This inflammatory condition has direct adverse
impacts on milk production by decreasing its quantity,
quality, and shelf life, increasing milk somatic cell count
(SCC), flocculation, or unfavorable chemical, physical,
and usually bacteriological changes in the milk
(Constable et al. 2017). These alterations are attributed to
the inflammatory processes that damage the epithelial
cells of the mammary gland, which are responsible for the
synthesis of milk components. In addition to the presence
of mastitis pathogens, depending on the type of bacteria
present in milk, which can invade the milk-secreting
tissues of the mammary gland and cause severe food
poisoning. Thereby all these changes directly influence
the economic performance of dairy farms worldwide
(Murphy et al. 2016; Tancin et al. 2017). Additionally,
other indirect costs associated with mastitis arise from
other sources such as veterinary services, reproductive
failure, culling and replacement, elucidating the
significant economic impact of mastitis on the dairy
industry (Vissio et al. 2015; Hogeveen et al. 2019).

Being a complex multi-etiological disease, mastitis
results from the interaction of host, environmental, and
pathogenic factors, increasing the risk of zoonotic
transmission through contaminated milk or direct contact
with infected cows depending on the type of
microorganism causing mastitis (Kibebew 2017; Maity
and Ambatipudi 2021). A Variety of pathogens, including
viruses, bacteria, and fungi can cause mastitis, with
certain species like Streptococcus spp., Staphylococcus
spp., Pseudomonas spp., and E. coli spp. being the most
prominent environmental and contagious pathogens
causing mastitis (AL-bayati et al. 2023; Abd-Elfatah et al.
2023). Furthermore, Bovine ephemeral fever (BEF) is an
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immune-related acute febrile viral infection affecting
cattle (Abo-Sakaya and Bazan 2020). It is also known as
a three-day sickness in tropical and subtropical regions.
In dairy herds, it adversely impacts reproduction and
reduces resistance against mastitis. This results in
significant economic loss due to reduction or even
complete cessation of milk production, so some lactating
cows can dry up completely. As well as abortion, loss of
condition, and prolonged recovery for some animals
(Lunagariya et al. 2015). For early detection of mastitis,
it is important to regularly check the milk density and
color of suspected animals. Although there are various
diagnostic methods, the bacteriologic culture of milk
samples is considered the standard for accuracy (Dohoo
et al. 2011). The hygiene of the farm environment plays
an important role in preventing the transmission and
spread of dangerous pathogens in dairy farms, with a
strong correlation between the prevalence of mastitis and
farm hygiene (Quintana et al. 2020). The close contact
between milkers® hands, animals, and equipment
facilitates the spread of disease. Detection is challenging
due to the subclinical nature of most cases, requiring
special attention for diagnosis, prevention, and control
(Kibebew 2017). Hygiene improvement, sanitation,
disinfection, hygienic feeding, water provision, isolation
of diseased cows, routine screening, and isolating and
identifying prevalent bacteria to determine the proper
treatment are being the key steps for effective mastitis
prevention and control (Adkins and Middleton 2017; Bari
et al. 2022). Understanding the causative pathogens and
risk factors is crucial for planning control strategies,
emphasizing the need for research on hygiene-related
factors (Cobirka et al. 2020). Biosecurity measures,
including disease prevention and environmental hygiene,
are essential to reduce disease risks and economic losses.
Despite recommendations, gaps exist between effective
biosecurity and actual practices, highlighting the
importance of information about farm hygiene and
biosecurity levels for disease prevention and identifying
areas for improvement (Harun et al. 2022).

This study aims to assess the level of awareness about
farm hygienic milking practices and biosecurity in dairy
farms, and to assess the relationship between these factors,
and the prevalence of environmental bacteria causing
mastitis, such as Streptococcus spp., Staphylococcus spp.,
Pseudomonas spp., and E. coli spp., in addition to their
impact on the milk production and farm profitability.
Ultimately, this study provides valuable insights for
developing effective mastitis control strategies.

MATERIALS AND METHODS

Study location

This study was conducted on a El Qanater El Khairyah
dairy farm in the Qalioubia Governorate, Egypt. The farm
comprised 12 yards, each measuring 500m?2 and housing 50
cows, totaling 632 cows. It employed a loose housing
system with a milking parlor (Fig. 1a). The farm was
approximately 500m?2 from the main road and 5km from the
nearest neighboring farm. Potential sources of
contamination included a nearby slaughterhouse and
agricultural fields.
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Fig. 1: a) the loose housing system with a milking parlor for the

dairy farm under study. b) Udder edema and redness in addition
to bloody milk clots indicating clinical mastitis.

Farm hygiene and biosecurity scoring system

The farm's hygiene and biosecurity measures were
assessed monthly from June to August 2023 using a scoring
system based on the methodologies of Damiaans et al.
(2020) and Harun et al. (2022). This involved evaluating
external and internal environmental hygiene, farm
constructions, milking hygiene practices, animal
management and handling, and worker awareness. Scores
were calculated as follows (Dewulf and Immerseel 2019):
Farm score = (Scores of applied measures / Scores of total

measures) x 100

Hygienic measures taken on the farm before the 2™ farm
visit: firstly, during animal hygiene practices, udders were
disinfected with chlorhexidine or iodophors. Hygienic
disposal of dead animals was also part of the process. Solid
manure was removed monthly using tractors, and sick
animals were quarantined in separate isolation pens.
Secondly, during worker hygiene practices, Hand sanitizers
such as TH7 Nano plus® and Veticon-S® were used.
Additionally, foot baths containing formalin or copper
sulfate were changed weekly.

Physical examination of udder and milk

Cow’s udder and teat were examined for the signs of
clinical mastitis. The udders of the study cows were
examined visually and by palpation for the presence of
clinical mastitis. During examination, attention was given
to cardinal signs of inflammation (i.e., redness and edema)
of udder quarters, in addition, the fore streams of milk were
collected and examined visually on a routine basis for any
abnormalities in the milk as in color or consistency (i.e.,
presence of bloody milk clots) (Fig. 1b). In this study, mild
mastitis cases included changes were observed only in the
milk including the presence of flakes, clots and blood,
watery consistency (as apparently healthy, recovery,
recurrent and antibiotic treated cows).

On the other hand, severe mastitic cows had visible
changes in the milk characters, swollen udders with loss
of appetite as in case of fibrosis in which cows suffered
from a hard fibrotic bigger mass diffused in whole one or
four udder quarters and others with localized fibrotic
nodules or pea like lesions near the base of the teats were
selected after strict manual physical palpation to the udder
(Kumar 2020).

Milk yield determination
Data on milk output was gathered from cows that
appeared to be in good health. The total monthly milk
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production divided by the average number of cows free of
mastitis each month yielded the average daily milk yield
for healthy cows.

Sampling
Collection of environmental samples

A total of 213 environmental samples and swabs were
collected from various farm locations including the roof,
walls, floors, feeders, manure areas, milking parlor, milk
storage tanks, and worker contact points.

Milk samples collection

Following the protocol described by Carter and Cole
(2012), briefly, before sampling, teat ends were disinfected
with a 0.5% iodine solution and dried with disposable
towels before collection. The first streams of foremilk were
discarded, and 72 milk samples and swabs were collected
from clinical mastitis-positive cows (Only udder quarters
showed visible signs). Milk tank samples were agitated for
10 min and collected from the top using a clean, sanitized
dipper and all samples were collected into labeled sterile
bottles for bacteriological analysis. Ethical approval was
granted by the Ethical Approval Committee of the Faculty
of Veterinary Medicine, Benha University, Egypt
(BUFVTM 15-11-23).

Bacteriological examination of collected samples
enrichment of samples

Samples were incubated in Buffer Peptone Water
(BPW) at 37°C for 24h.

Isolation of indicator bacteria
Isolation of Staphylococcus spp.

The enriched swabs and samples were cultured on
Baird-Parker agar (BP) supplemented with egg yolk
telluride emulsion, incubated at 37°C for 48h. Colonies are
showing characteristic phenotypes of Staphylococcus
spp.(circular, black, convex with or without light halo on
BP agar) according to Sudershan et al. (2012).

Isolation of Streptococcus spp.

The enriched samples and swabs were cultured on
Kenner fecal (KF) Streptococcal agar and incubated
aerobically at 37°C for 24h. According to Yashoda et al.
(2001), colonies are small pinpoint yellowish-brown
colonies.

Isolation of Pseudomonas spp.

A loop full of prepared enriched samples was streaked
onto Cetrimide agar and incubated aerobically for 24 h at
37°C. This gave a large yellow colony with irregular growth
and was examined for pigment production (green
fluorescent) and odor (fruity) according to Sule et al. (2019).

Isolation of E. coli

The enriched samples were streaked on Eosin
Methylene Blue agar (EMB) plates and incubated
aerobically at 37°C overnight. Single metallic sheen
colonies on the EMB agar plates were considered as
indicative of E. coli then the typical colony was confirmed
by morphological study by Gram staining according to levy
et al. (2020).



Biochemical identification
Biochemical identification of Staphylococcus spp.

The fresh separate colony was taken for biochemical
tests such as Mannitol fermentation (positive), Coagulase
(negative), Catalase (positive), Nitrate reduction (positive),
Oxidase (negative). All biochemical test tubes were incubated
for 24h at 37°C according to Quddoumi et al. (2006).

Biochemical identification of Streptococcus spp.

Subculture separated fresh colonies were taken for
making Catalase test (negative), Simmon citrate test
(positive), Indole test (negative), Urease test (negative),
Methyl red test (positive), Nitrate reduction test (negative),
H>S production test (negative) and Gelatin hydrolysis test
(positive) then all tubes were incubated aerobically for 24h
at 37°C according to Yashoda et al. (2001).

Biochemical identification of Pseudomonas spp.

A typical fresh separate colony was taken for Oxidase
test (positive), Catalase test (positive), Urease test (positive),
Simmon Citrate test (positive), Indole test (negative), Triple
Sugar lron test (negative), Methyl red test (negative),
Voges—Proskauer test (negative), growth of all at 37°C for
24h then take the result according to Sule et al. (2019).

Biochemical identification of E. coli

Separate colony subculture on EMB and incubated
aerobically at 37 °C for 16h then take fresh colony for
performance of TSI (Triple Sugar lIron) test (positive),
Simmon citrate test (negative), Methyl red test (positive),
Voges—Proskauer test (negative) and Indole test (positive)
according to levy et al. (2020).

Statistical analysis
Statistical analysis for impact of mastitis on milk
production was done by Friedman test using GraphPad

Main hygiene category Hygiene Subcategory
1-Farm constructions 1- Distance from other farms is legal

3- Presence of fence

4- External pollution sources
5- Wheel dip

6- Pets control

7- Pest control

8- Regular manure disposal

- Disinfection of farm construction
- Suitable ventilation system
12- Suitable cooling system

16- Presence of incinerator

18- Visitors control to the farm
2-Animal hygiene 1- Sick animal isolation

2- Hygienic disposal of dead animals

3- Monitoring of subclinical mastitis

4- Good source of purchased animal

6- Culling strategy

7- Presence of artificial insemination
8- Bull care

9- Dry cow care

10- Pre-weaned calf care

12- Suitable stocking density
13- Using teat dip

3- Worker hygiene 1- Presence of specific uniform
2- Foot dip to worker shoes
3- Hand sanitizer using

and others dealing with milk
6- Knowledge about biosecurity

2- Distance from the main road is legal

9- Regular disinfection of concrete drinker

Suitable number of milk parlor and milk room
‘Good disinfection program to milk parlor
Good disinfection program to milk room

17- Documentation and recording system to the farm

5- Quarantine of newly introduced cow

11- Presence of a veterinarian for regular observation

4- Worker does not contact with other flocks
5- Separation between workers dealing with flock

Int J Vet Sci, 2025, 14(1): 79-89.

Prism version 10.1.1 (GraphPad Prism 10.1.1 ©1992-
2023 GraphPad software, LLC). Multiple comparisons
were done using Dunn’s multiple comparisons test with
the significance value set at P<0.05. Statistical procedures
were performed using the computer programs SPSS/PC*
"version 23" (SPSS 2015). Descriptive statistics such as
frequency distribution and percentages were used to
determine the biosecurity scores of different applied
hygiene measures in the tested dairy farm and bacterial
prevalence associated with different samples sources.
Chi-square was used to check for the statistical
significance of the variation in the prevalence of bacterial
species isolated from various sample types over the
course of three visits to the dairy farm under investigation.
Economic impacts are estimated descriptively based on
the collected data; we calculated the losses per 100 cows
per $. Direct and indirect costs of BEF associated with
mastitis are considered to give a comprehensive
estimation of economic total losses.

RESULTS

Assessment of dairy farm biosecurity measures

The  biosecurity  questionnaire  aimed  to
comprehensively evaluate the cleanliness and hygienic
status of the examined dairy farm. Four main hygiene
categories were assessed: farm constructions, animal
hygiene, worker hygiene, and milk hygiene, each with
specific subcategories (Fig. 2). The results of the
assessment demonstrate that the milk-related hygienic
measures at the dairy farm being examined received the
highest biosecurity score (80%), whereas farm construction
hygiene received a little lower score (72%). Nevertheless,
the hygienic precautions implemented by the worker
received the lowest biosecurity score, amounting to only
16.67% (Fig. 3).

5- Good milk room hygiene

4- Milk hygiene 1- Presence of automatic milking process
2- Good disinfection process for milk equipment
3- Discard of abnormal physical milk character
4- Regular examination of milk sample

L. Fig. 2: Biosecurity questionnaire for
N evaluation of hygienic status of tested
N dairy farm.
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Fig. 3: Biosecurity score of different applied hygiene measures in
the tested dairy farm.
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Bacterial prevalence in different farm compartments
The results revealed distinct bacterial prevalence
pattern within different farm environments and milk
samples (Fig. 4). Staphylococcus spp. showed higher
prevalence in primary manure, farm floor, and manure pit,
while being absent in water, milk jars, and antibiotic-
treated cow milk. Streptococcus spp. predominated the
manure pit, feed manager, main manure, and farm floor,
but was absent in cubs, water, and jars. Pseudomonas was
detected in farm and milk facility floors, while it was
notably absent from farm and milk parlor roofs, raw feed,
and milk tank rooms. Interestingly, E. coli was prevalent
in major manure samples but absent in raw feed, concrete
pits for drinking, water samples, farm walls, and milk tank
room entrance swabs. Additionally, workers' hands and
shoes emerged as significant carriers of Staphylococcus
spp., Streptococcus spp., and E. coli spp. Milk samples
from tanks exhibited the highest prevalence of E. coli spp.,
Streptococcus  spp., and  Staphylococcus  spp.
Streptococcus spp. was more prevalent in recurrent cows
and those with fibrosis, whereas Pseudomonas was found
in apparently healthy cows. Antibiotic-treated cow milk
samples were free of all bacteria except E. coli. Statistical
analyses using Chi-square (X2) revealed significant
variations in the prevalence of isolated bacterial species
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throughout various sample types over the course of three
visits to the dairy farm under investigation, with only
Staphylococcus spp. for the milk samples that obtained
showing a significant difference (P=0.05) between various
farm visits (Table 1). Furthermore, only Streptococcus
showed a significant difference (P<0.05) between worker's
hand and shoe swabs (Table 1). Surprisingly, all the
recovered bacterial species (including Staphylococcus,
Streptococcus, Pseudomonas, and E. coli spp.) for the
environmental swabs exhibited a significant (P<0.05)
variation between different farm visits (Table 1).

Impact of clinical mastitis on milk production

Throughout the course of this study, there was a
decrease in the overall number of healthy and lactating
cattle on the farm that was the subject of this study (Fig.
5a) over the four months (May, June, July, and August).
Additionally, there was a consistent decrease in daily milk
production over the four months (May, June, July, and
August). In May, cows exhibited the highest average milk
yield, peaking at more than 4252L. However, the
production gradually decreased in June and July with the
onset of clinical mastitis, reaching its lowest in August
(Fig. 5b). Notably, this decline coincided with the
emergence of Bovine Ephemeral Fever (BEF) disease,
complicating clinical mastitis, and contributing to the
observed reduction in milk production.

5 5b

250 5000

200 4000

T

150 3000

100 2000

50— 1000

Total no. of lactating cows/farm ©

Average daily milk yield (L)

May June July August

Month

May June July

Month

August

Fig. 5: a) the overall number of healthy and lactating cattle/farm
that was the subject of this study. b) Average daily milk
production for all lactating cattle/farm over the four months (May,
June, July, and August).

Adverse impact of clinical mastitis and Bovine
Ephemeral Fever complicated with clinical mastitis on
holstein dairy farm

The cows inside the farm of our study suffered from
clinical mastitis of 18.1% during the 1% and 2nd visits.
Before the 3" visit, the farm showed the emergence of
Bovine Ephemeral Fever (BEF) disease, complicating the
clinical mastitis with discarding the milk of diseased cows
for five days. The BEF showed a 100% morbidity rate,
alongside a mortality rate of 16.5% and a culling rate of
8%. Reproductive complications were evident, with a
28.17% incidence of abortion and an 11.27% occurrence of
stillbirths. Clinical Mastitis affected 30.5% of the cows
compared with 18.1% before viral infection as shown in
Table 2. BEF complicated with Mastitis showed huge
losses in comparison with clinical mastitis alone as shown
in Table 3. The losses represented in mortality, culling,
abortion, still birth, viral (treatment, vaccination and
disinfection) cost, mastitis treatment cost and losses of
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Table 1: Prevalence of some bacteria isolated from milk samples, workers hand and shoes swabs and environmental swabs during three visits

Bacterial spp. Farm milk samples workers hand and shoes swabs environmental swahs
visit Prevalence Chi-square  P- Prevalence Chi-square  P- Prevalence Chi-square  P-
(%) (X?) value (%) (X?) value (%) (X?) value
Staphylococcus 1tvisit 375 5.85 0.05 39.1 017 314 8.2 0.017
spp. 2M visit  18.8 304 35 28.0
3dvisit 43.8 304 40.7
Streptococcus spp. 1%t visit  39.5 5.46 0.06 533 8.9 0.01 473 16.4 0.00
2M visit  21.1 13.3 24.7
3dvisit 395 33.3 28.0
Pseudomonas spp. 1% visit 28.2 2.35 0.31 500 2.72 0.26 3838 5.9 0.05
2M visit  30.8 25.0 25.5
3dvisit 41.0 25.0 35.7
E. coli spp. 1%t visit  40.5 4.46 0.11 405 4.46 0.11 533 17.14 0.00
2M visit  23.8 23.8 18.3
3dvisit 35.7 35.7 28.3

Table 2: Incidence and adverse effect of clinical mastitis before and after Bovine Ephemeral Fever (BEF) infection for Holstein dairy farm

Item Number/total Percentage
Clinical mastitis Incidence 40/221 18.1
Mortality 5/221 2.26
Culling 16/221 7.23
Abortion 0/71 0
Stillbirth 0/71 0
Viral infection

BEF incidence 611/611 100
Clinical mastitis Incidence 61/200 30.5
Mortality 33/200 16.5
Culling 16/200 8
Abortion 20/71 28.17
Stillbirth 8/71 11.27

Table 3: Economic losses of clinical Mastitis and Bovine Ephemeral Fever (BEF) complicated with clinical Mastitis for Holstein dairy farm

Item Percentage (%) Losses/1 cow (EGP) Losses/100 cows (EGP) Losses/100 cows ($)=35EGP
Before viral infection

Mortality 2.26 60,000 (60,000*2.26)=135600 3,874.29
Culling 7.23 40,000 (40,000*7.23)=289,200 8,262.86
Mastitis treatment cost 18.1 400 (400*18.1)=7,240 206.86
Discarded milk (5d) 100 (20kg*17EGP*5d) (1,700*18.1)=30,770 879.14
Total losses - - 327,210 9348.86
After viral infection

Mortality 16.5 60,000 (60,000*16.5)=999,000 28,542.86
Culling 8 40,000 (40,000*8)=320,000 9,142.86
Abortion 28.17 9,000 (9000*28.17)=253,530 7,243.71
Stillbirth 11.27 9,500 (9500*11.27)=107,065 3,059.0
Treatment cost 100 1,000 100,000 2,857.14
Vaccination cost 100 260 26,000 742.86
Disinfection cost 100 50 5000 142.86
Mastitis treatment cost 30.5 400 (400*30.5)=12,200 348.57
Discarded milk (5d) 100% (20kg*17EGP *5d) (1700*30.5)=51,850 1,481.43
Total losses - - 1,874,645.0 53,561.29

discarding milk, they were about $28,285.71, $4,571.43,
$7,243.71, $3,059, $2,857.14, $742.86, $142.86,$348.57,
and $1,481.43, respectively) per 100 cows. Concerning the
losses of clinical mastitis before viral infection, the
treatment cost was about $206.86 per 100 lactating cows
with $879.14 from discarding milk. The total estimated
losses before and after viral infection per 100 cows were
approximately ($9091.71 and $48,989.86, respectively).

DISCUSSION

Still, one of the biggest challenges dairy farms face is the
introduction of pathogenic microbes. Mastitis is one of the
numerous dangerous diseases that are more likely to spread
due to poor hygiene and inadequate biosecurity measures
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(Baraitareanu and Vidu 2020). Mastitis still has a major
influence on milk yield, quality, and dairy economics even
with advancements in quality control and cleanliness in the
milk production process (Ruegg 2017; Kim et al. 2023). A
clinical examination that includes palpating and visually
evaluating the afflicted area can determine whether there is
clinical mastitis (Min et al. 2007). According to this study, a
physical examination that notes important symptoms such as
changes in milk and inflammation in the udders makes it
simple to diagnose clinical mastitis. Among these
modifications are obvious abnormalities in milk, such flakes,
clots, pus, bloody or watery consistency. Feverish symptoms,
decreased milk supply, and appetite loss accompany this.
Gross inflammation of the udder is evident in its swelling,
elevated warmth, redness, and pain. This study examined the



workers' perceptions of the importance of hygienic milking
and biosecurity measures on the farm, as well as the hygienic
standards of a dairy farm in Qalioubia Governorate, Egypt.
The biosecurity scoring system-based questionnaire was
used to gauge the employees' understanding and
implementation of these crucial precautions. Additionally,
the study examined the prevalence of environmental
bacteria through microbiological analysis of a variety of
samples taken from various farm compartments, workers,
and milk. These bacteria are known to cause environmental
mastitis and include Streptococcus, Staphylococcus,
Pseudomonas, and E. coli spp.

The results showed that the average hygiene score of
the dairy farm under evaluation was 59%, indicating a
"Good" hygienic state based on the evaluation technique
proposed by Harun et al. (2022). The highest score (80%)
was attributed to sanitation practices related to milk;
whereas the lowest score (16.67%) was for hygiene
practices related to workers. Although the farm
implemented the most recommended hygiene protocols for
milk handling, infrastructure, and animal care, it fell short
in implementing key hygiene practices for workers. These
neglected practices include the provision of specialized
farm clothing, use of foot dips and hand sanitizers,
maintaining separate personnel for flock and milk
handling, and ensuring workers have adequate biosecurity
knowledge. This lack of implementation shows the
workers' inadequate understanding of the significance of
maintaining proper hygiene. A previous study in Southwest
Delhi showed that the dairy farmworkers had insufficient
knowledge. Therefore, it is crucial to establish guidelines
for the workers to adhere, while also ensuring that officials
educate them and regularly monitor their performance to
uphold hygienic practices (Ahmed et al. 2020). Yilmaz and
Koyuncu (2022) reported comparable results while
evaluating the biosecurity protocols of Bursa's dairy farms.
They stressed how crucial it is for laborers and farmers to
comprehend the variables that lead to the spread of
infectious diseases, how to prevent and control them, and
how to employ good hygiene and biosecurity measures.

To track the improvement or decline in the farm's level
of hygiene, the dairy farm was visited three times as part of
this study. During each visit, various environmental
samples including farm construction, animal samples, milk
samples, and worker swabs were collected to identify
various environmental bacteria species. According to the
findings, E. coli, Pseudomonas spp., Streptococcus spp.,
and Staphylococcus spp. had the greatest average incidence
rate. According to a prior study done in China, the
prevalence rates of E. coli, Pseudomonas, Streptococcus,
and Staphylococcus species were 30.3%, 68.4%, less than
1.0% and 9.1%, respectively (He et al. 2020). Furthermore,
a study conducted in southern Ethiopia found that the
prevalence rates of E. coli spp., Streptococcus, and
Staphylococcus were 17.3%, 18.6% and 57.3%,
respectively (Abebe et al. 2023).

The findings of our study indicate that the highest
prevalence of Staphylococcus, Streptococcus,
Pseudomonas, and E. coli spp. were observed in manure,
farm floor, and manure pit. Therefore, the primary origin
of these bacteria in dairy farms is the contamination of the
environment through animal’s manure. This finding aligns
with the findings given by Sobur et al. (2019), Alegbeleye
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and Sant'Ana (2020), Schauer et al. (2021) and Casey et al.
(2013). Moreover, the findings of our study indicate a
significant presence of Staphylococcus, Streptococcus,
Pseudomonas, and E. coli in swabs taken from workers'
shoes and hands. This suggests that there is a notable issue
with the workers' hygiene practices, which in turn plays a
crucial role in the transmission of infections among cows
on the farm (Ahmed et al. 2020; Quintana et al. 2020;
Youssef et al. 2021). This could be attributed to inadequate
management practices, such as the utilization of shared
towel fabric and the use of a milking machine without
proper sanitation between and after each milking session.
Staphylococcus, Streptococcus, and E. coli were not found
in any of the water samples. This could be attributed to the
use of public tap water, which is typically treated with
chlorine. Chlorine treatment effectively eliminates these
bacteria from water (Oziegbe et al. 2023).

Bulk tank milk culture may be used as a monitoring
tool for estimating herd-level prevalence of contagious
mastitis pathogens in both clinical and subclinical mastitis
cases. This tool may be useful while investigating
potential milk quality problems on a dairy farm (Jayarao
and Wolfgang, 2003). During the first visit, the prevalence
of E. coli in milk samples was higher than the finding of
Li et al. (2018) who reported high prevalent of E. coli
isolated from mastitis milk samples. The greatest
prevalence of E. coli mainly in milk tank may be
associated with poor hygienic condition and dirty bedding
surrounding dairy animal, in addition to poor personal
hygiene of dairy workers (Metz et al. 2020). There may be
a connection between the high E. coli prevalence in milk
and the unclean living conditions of dairy animals, as well
as the lack of personal hygiene among dairy employees
(Metz et al. 2020). E. coli can enter milk via the teat canals,
which are also accessible to the workers hands and cups.
Moreover, presence of E. coli in milk and milk products
act as a good indicator of fecal contamination, in addition
E. coli led to complete loss of milk production in dairy
farm and its negative effect on milk quality can persist for
weeks after the eradication of the bacteria (Gomes and
Henriques 2016).

Streptococcus spp. is the second dominant isolate
mainly in milk tank. This finding was higher than that of
Kassa et al. (2014). Most Streptococcus spp. can form a
strong of biofilm that increase their resistance during the
production process of some dairy products (cream and
cheese) (Ali 2020). One possible explanation for the
elevated Streptococcus spp. isolation rate is that Penstrip
was not widely used to treat mastitis on the farm under
investigation. This medicine is extensively utilized to
reduce Streptococcus infection in dairy farms because it is
regarded an effective antibiotic. The high prevalence of
Staphylococcus spp. mainly in milk tank could be
associated with the absence of improper post milking teat
dipping, poor udder washing and drying before milking
(Gemechu et al. 2019). Also, Staphylococcus spp. may be
transmitted from teat orifices and hands of dairy workers
which showed the highest prevalence of these pathogens.
Staphylococcus and E. coli spp. enhance the production of
urokinase which induces an increase in plasminin bovine
epithelial cells that survive the heat treatment and
hydrolyze milk casein decreasing the quality of dairy
product and curd formation (Ma et al. 2000).


https://pubmed.ncbi.nlm.nih.gov/?term=Abebe+E&cauthor_id=36706075

The prevalence of Pseudomonasspp.in milk samples
may be attributed to the psychotropic nature of theses
bacteria which can survive on the milk bulk tanks, milking
machines, and animal production environment and can
produce heat stable lipolytic and proteolytic enzymes in
raw milk (Simd@es et al. 2010).These enzymes remain active
even after pasteurization(at 71.5-74°C for 15 to 30s), and
ultra-high temperature treatment (at 135-145°C for 2-3s),
causing deterioration of refrigerated milk and dairy
products while also altering milk coagulation
characteristics (Oliveira et al. 2002).

The isolation of all bacterial species from milk samples
agreed with Mahamad and Mohammed (2023) who
isolated Staphylococcus spp. (48.21%), E. coli (19.64%),
Streptococcus spp. (12.5%) and Pseudomonas spp.
(11.61%), which were the most dominant species in
mastitis milk. On the other hand, all studied bacteria (in
cows treated with antibiotics) were unable to be isolated
from milk samples, except for E. coli, which was isolated
at a low prevalence; this finding can be explained by drugs'
capacity to kill these bacteria. Eliminating existing
infections decreases the exposure of sensitive quarters,
which can be accomplished through therapy during
lactation or during dry off. However, there has been an
increase in E. coli antibiotic resistance, according to the
Food and Drug Administration (FDA, 2014). Schukken et
al. (2011) noted that there is still a lack of clarity regarding
the characteristics and virulence factors that are unique to
E. coli strains that cause mastitis. The variation in
prevalence of these infections across studies could be
attributed to changes in geographical location,
management systems, sample size, and hygienic practices
used in farms and milk collection locations. Moreover, the
results showed that milking equipment and feed samples
had a low prevalence of isolated bacteria, and this is due to
disinfection process of milking equipment which cause
killing of the bacteria (Pacheappan et al. 2022). On the
other hand, the thermal and chemical treatments during
feed manufacturing and processing kill or reduce the
survival of bacteria in feed (Shurson et al. 2022).

The dairy farm showed the highest frequency of
isolated bacteria on the first visit, which was primarily
caused by poor hygiene procedures and a lack of
implementation of several biosecurity measures. As a
result, there was a considerable degree of contamination on
the property. This discovery is consistent with the findings
reported by Nyokabi et al. (2023). Furthermore, a major
contributing reason to the increased spread of diseases
across the farm is the disregard for human hygiene
practices. Depending on the owners' and employees' level
of awareness on the significance and mode of
implementation, different approaches are taken while
implementing biosecurity measures on farms. Dairy farms
implement low levels of biosecurity controls due to the
seldom implementation of certain techniques (Harun et al.
2022). Despite dairy producers' belief that biosecurity is
vital, previous research conducted in the UK and Ireland
has revealed a low rate of adoption of biosecurity policies
(Brennan and Christley 2013).

Because of this, the problem was found on the farm,
and the people responsible were told what steps needed to
be taken to stop the germs from spreading on the farm. The
result was clear during the second visit, when most of the
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cleanliness measures for workers and animals were put into
place. However, during the third visit, even though the farm
was cleaner, the spread of bacteria started up again. This
time, the real reason was that Bovine Ephemeral Fever got
into the farm, mostly through hematophagous insects. As a
result, the animals' immune systems were weakened
(Lavon et al. 2023). Bacteria like Staphylococcus,
Streptococcus, Pseudomonas, and E. coli spp. grow and
spread more quickly when viruses attack people (Rezzoagli
et al. 2020; Rossi et al. 2020; Sora et al. 2021; Pilarczyk-
Zurek et al. 2022). In relation to the economic impacts of
clinical mastitis and Bovine ephemeral fever
complicating mastitis, our findings revealed significant
losses. Mastitis is regarded as the most common disease
of dairy cows and causes great economic loss to the dairy
industry as udder health is considered one of the most
important reasons for culling in dairy herd, it costs
$8,262.86/100 cows our result in the same line with Down
et al. (2013)who showed that the economic costs of
clinical mastitis is one of the foremost important reasons
for culling. In responding to discarding the milk and
treatment cost, we estimated average losses per 100 cows,
they were ($879.14 and $206.86, respectively) which
varied from cow to another one depending on the severity
of mastitis, and milk yield of this cow, as acute cases
characterized by general illness, so they require more time
for treating (Petrovski et al. 2006). Regarding the viral
infection, BEF exhibited a morbidity rate of 100%, with
28.17% of cases resulting in abortion and 11.27% resulting
in stillbirth. The issue of mastitis, which resulted in a
complete elimination of all milk production during this
period, and the milk output, does not return to pre-illness
levels following recovery. Our result in the same line with
Akakpo (2015) who indicated that BEF has significant
economic value due to its influence on reproduction and
milk production. When mastitis is associated with bovine
ephemeral fever (BEF), it further hampers the sustainable
growth of the dairy industry. The economic losses incurred
due to this combination are substantial, amounting to
approximately $53,561.29 per 100 cows.

The total milk output was measured in May, June, July,
and August, whereas milk loss was estimated in August,
when clinical mastitis associated with BEF illness
occurrence. This study found a negative connection
between clinical mastitis and milk yield. Larger monthly
clinical mastitis rates mean larger monthly milk production
losses. Mastitis reduced milk supply and rejected poor-
quality milk (Gomes and Henriques 2016). Mastitis'
economic losses are largely due to decreased milk
production due to mammary gland tissue damage (Zhao
and Lacasse 2008). This is supported by Kandeel et al.
(2018) who found that severe mammary gland
inflammation in dairy cows reduced milk output. A week
before clinical signs, Wilson et al. (2007) reported that a
rapid reduction in milk output. Mastitis severely affects
milk production, especially in early lactation or before peak
production (Sharma et al. 2011). This supported by Le
Maréchal et al. (2011), who found that gram-negative
pathogens like E. coli caused the highest milk output losses
compared to gram-positive pathogens like Streptococcus
and Staphylococcus spp. Daily milk production loss from
E. coli infections is estimated at around 30% per cow
during the 305 days of lactation (Blum et al. 2014). The



largest average monthly milk loss due to clinical mastitis
was 5% of the average total monthly milk production,
according to (Ameni et al. 2022). They also found
significant milk output losses in the second, third, and
fourth weeks after clinical mastitis.

Conclusion

Prevention is preferable to control, thus implementing
effective management, biosecurity, and hygienic milking
practices are essential for reducing bacterial, viral, and
other kinds of contamination, especially those known to
cause environmental clinical mastitis, such as
Staphylococcus spp., Streptococcus spp., Pseudomonas
sp., and E. coli spp. This would result in the avoidance of
the enormous economic losses that are a consequence of
mastitis, which are estimated to be around $9348.86 per
hundred cows before viral infection and reach about
$53,561.29after viral infection according to this study.

Conflicts of interest statement
The authors have no conflicts of interest to disclose.

Author contributions

Practical and laboratory work: All authors contributed
equally. Data investigation: Hala ElI Daous, Manar
Elkhayat,Nehal Alm EI Din, Eman Nafei, Eman Hafez,
Amira M. Abd-El Hamed.Writing original draft: Nehal
Alm El Din and Amira M. Abd-El Hamed.Statistical
analyses and editing manuscript: Manar Elkhayat and Hala
El Daous. All authors revised and edited the final version
of the manuscript.

REFERENCES

Abd-Elfatah EB, Fawzi EM, Elsheikh HA and Shehata AA, 2023.
Prevalence, virulence genes and antibiogram susceptibility
pattern of Staphylococcus aureus and Streptococcus
agalactiae isolated from mastitic ewes. International Journal
of Veterinary Science 12(2): 152-160. https://doi.org/10.
47278/journal.ijvs/2022.176

Abebe E, Gugsa G, Ahmed M, Awol N, Tefera YA, Begaz S,
Sisay T, 2023.0Occurrence and antimicrobial resistance
pattern of E. coli O157:H7 isolated from foods of Bovine
origin in Dessie and Kombolcha towns, Ethiopia. PLOS
Neglected  Tropical  Diseases 17(1):  e0010706.
https://doi.org/10.1371/journal.pntd.0010706

Abo-Sakaya RY and Bazan N, 2020. Molecular detection of novel
bovine ephemeral fever virus strain and its effect on immune
system in cattle, Egypt 2017. Benha Veterinary Medical
Journal 38(2): 1-4. https://doi.org/10.21608/bvmj.2020.
26385.1193

Adkins PR and Middleton JR, 2017. Laboratory Handbook on
Bovine Mastitis: New Prague, MN: National Mastitis
Council Inc.

Ahmed I, Kumar S and Aggarwal D, 2020. Assessment of
knowledge and practices of hygienic milk production among
dairy farmworkers, Southwest Delhi. Indian Journal of
Community Medicine 45(1): 26-30. https://doi.org/10.4103
%2Fijcm.IJCM_366 19

Akakpo AJ, 2015. Three-day fever. Revue Scientifique et
Technique 34(2): 533-538, 525-532.

AL-bayati AM, Awad AH and Abass KS, 2023. Role of molecular
diagnostic technique, improving management and hygiene in
Control of Subclinical Mastitis in diary Cattles. Journal of
Al-Muthanna for Agricultural Sciences 10(1): 1-8.
http://doi.org/10.52113/mjas04/10.s1/7

87

Int J Vet Sci, 2025, 14(1): 79-89.

Alegbeleye OO and Sant’Ana AS, 2020. Manure-borne
pathogens as an important source of water contamination:
An update on the dynamics of pathogen survival/transport as
well as practical risk mitigation strategies. International
Journal of Hygiene and Environmental Health 227: 113524.
https://doi.org/10.1016/j.ijheh.2020.113524

Ali FF, 2020. Detection of Biofilm Formation and Antibiotics
Resistance for Streptococcus Spp. Isolated from Some Dairy
Products in Diwanyah City of Irag. Al-Mustansiriyah
Journal of Science 31(4): 893. http://doi.org/10.23851/mjs.
v31i4.893

Ameni G, Bayissa B, Zewude A, Degefa BA, Mohteshamuddin
K, Kalaiah G, Alkalbani MS, Eltahir YM, Hamad
ME and Tibbo M, 2022. Retrospective study on bovine
clinical mastitis and associated milk loss during the month
of its peak occurrence at the National Dairy Farm in the
Emirate of Abu Dhabi, United Arab Emirates. Frontiers in
Veterinary Science 9: 1070051. https://doi.org/10.3389/
fvets.2022.1070051

Baraitareanu S and Vidu L, 2020. Dairy farms biosecurity to
protect against infectious diseases and antibiotics overuse.
In Antimicrobial Resistance-A One Health Perspective.
IntechOpen. https://doi.org/10.5772/intechopen.93200

Bari MSF, Rahman MM, Persson Y, Derks M and Sayeed MA,
2022. Subclinical mastitis in dairy cows in south Asian
countries: a review of risk factors and etiology to prioritize
control measures. Veterinary Research Communication 46:
621-640. https://doi.org/10.1007/s11259-022-09948-x

Blum S, Heller ED, Krifucks O, Sela S, Hammer-Muntz O and
Leitner G, 2008. Identification of a bovine mastitis
Escherichia coli subset. Veterinary Microbiology 132: 135-
148. https://doi.org/10.1016/j.vetmic.2008.05.012

Blum SE, Heller ED and Leitner G, 2014. Long term effects of
Escherichia coli mastitis. The Veterinary Journal 201: 72—
77. https://doi.org/10.1016/j.tvjl.2014.04.008

Brennan ML and Christley RM, 2013. Cattle producers’
perceptions of biosecurity. BMC Veterinary Research 9: 71.
https://doi.org/10.1186/1746-6148-9-71

Carter GR and Cole JR, 2012. Diagnostic Procedure. In:
Veterinary Bacteriology and Mycology. 5th Ed, Academic
Press, New York, USA, pp: 620.

Casey JA, Curriero FC, Cosgrove SE, Nachman KE and Schwartz
BS, 2013. High-density livestock operations, crop field
application of manure, and risk of community-associated
methicillin-resistant Staphylococcus aureus infection in
Pennsylvania. JAMA Internal Medicine 173(21): 1980-
1990. https://doi.org/10.1001/jamainternmed.2013.10408

Cobirka M, Tancin V and Slama P, 2020. Epidemiology and
classification of mastitis. Animals 10(12): 2212.
https://doi.org/10.3390/ani10122212

Constable PD, Hinchcliff KW, Stanley H and Grunberg DW,
2017. Mastitis. In: Veterinary Medicine, A Textbook of the
diseases of Cattle, Horse, Sheep, Pigs, Goat and Dogs. 111
Ed, Elsevier, B.A, Company Ltd., China, pp: 1904-1931.

Damiaans B, Renault V, Sarrazin S, Berge AC, Pardon B,
Saegerman C and Dewulf J, 2020. A risk-based scoring
system to quantify biosecurity in cattle production.
Preventive Veterinary Medicine 179: 104992. https://doi.org
/10.1016/j.prevetmed.2020.104992

Dewulf J and Immerseel FV, 2019. General principles of
biosecurity in animal production and veterinary medicine.
In: Biosecurity in animal production and veterinary
medicine. CABI Digital Library, pp: 63-76. https://doi.org/
10.1079/9781789245684.0063

Dohoo L, Smith R, Andersen S, Kelton DF and Godden S, 2011.
Diagnosing intramammary infections: Evaluation of
definitions based on a single milk sample. Journal of Dairy
Science 94: 250-261. https://doi.org/10.3168/jds.2010-3559

Down PM, Green MJ and Hudson CD, 2013. Rate of
transmission: a major determinant of the cost of clinical



https://pubmed.ncbi.nlm.nih.gov/?term=Ameni%20G%5BAuthor%5D
https://doi.org/10.%2047278/journal.ijvs/2022.176
https://doi.org/10.%2047278/journal.ijvs/2022.176
https://pubmed.ncbi.nlm.nih.gov/?term=Abebe+E&cauthor_id=36706075
https://pubmed.ncbi.nlm.nih.gov/?term=Awol+N&cauthor_id=36706075
https://pubmed.ncbi.nlm.nih.gov/?term=Tefera+Y&cauthor_id=36706075
https://pubmed.ncbi.nlm.nih.gov/?term=Abegaz+S&cauthor_id=36706075
https://pubmed.ncbi.nlm.nih.gov/?term=Sisay+T&cauthor_id=36706075
https://doi.org/10.1371/journal.pntd.0010706
https://doi.org/10.4103%20%2Fijcm.IJCM_366_19
https://doi.org/10.4103%20%2Fijcm.IJCM_366_19
http://doi.org/10.52113/mjas04/10.s1/7
http://doi.org/10.52113/mjas04/10.s1/7
https://doi.org/10.1016/j.ijheh.2020.113524
https://doi.org/10.1016/j.ijheh.2020.113524
http://doi.org/10.23851/mjs.%20v31i4.893
http://doi.org/10.23851/mjs.%20v31i4.893
https://pubmed.ncbi.nlm.nih.gov/?term=Ameni%20G%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Bayissa%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zewude%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Degefa%20BA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mohteshamuddin%20K%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kalaiah%20G%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Alkalbani%20MS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Eltahir%20YM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Elfatih%20Hamad%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Tibbo%20M%5BAuthor%5D
https://doi.org/10.3389%2Ffvets.2022.1070051
https://doi.org/10.3389%2Ffvets.2022.1070051
https://doi.org/10.1007/s11259-022-09948-x
https://doi.org/10.1186/1746-6148-9-71
https://doi.org/10.1001/jamainternmed.2013.10408
https://doi.org/%2010.1079/9781789245684.0063
https://doi.org/%2010.1079/9781789245684.0063

mastitis. Journal of Dairy Science 96(10): 6301-6314.
https://doi.org/10.3168/jds.2012-6470

FDA, 2014. National antimicrobial resistance monitoring system.
http://www.fda.gov

Gemechu T, Yunus HA, Soma M and Beyene A, 2019. Bovine
mastitis: Prevalence, Isolation and identification of major
bacterial pathogens in selected areas of Bench Maji Zone,
Southwest Ethiopia. Journal of Veterinary Medicine and
Animal Health 11(2): 30-36. https://doi.org/10.5897/
JVMAH2018.0731

Gomes F and Henriques M, 2016. Control of bovine mastitis: old
and recent therapeutic approaches. Current Microbiology
72(4): 377-382. https://doi.org/10.1007/s00284-015-0958-8

Harun MH, Shimelis S, Andargie B, Abdi MY and Bekere HY,
2022. Assessment of biosecurity status in dairy cow farms.
Bulletin of the National Research Centre 46(1): 152.
https://doi.org/10.1186/s42269-022-00836-7

He W, Ma S, Lei L, He J, Li X, Tao J, Wang X, Song S, Wang Y,
Wang Y, Shen J, Cai C and Wu C, 2020. Prevalence,
etiology, and economic impact of clinical mastitis on large
dairy farms in China. Veterinary Microbiology 242: 108570.
https://doi.org/10.1016/j.vetmic.2019.108570

Hogeveen H, Huijps K and Lam TJ, 2011. Economic aspects of
mastitis: new developments. New Zealand Veterinary
Journal 59(1): 16-23. https://doi.org/10.1080/00480169.
2011.547165

Hogeveen H, Steeneveld W and Wolf CA, 2019. Production
diseases reduce the efficiency of dairy production: A review
of the results, methods, and approaches regarding the
economics of mastitis. Annual Review of Resource
Economics 11: 289-312. https://doi.org/10.1146/annurev-
resource-100518-093954

levy S, Islam M, Sobur M, Talukder M, Rahman M and Khan
MFR, 2020. Molecular detection of avian pathogenic
Escherichia coli (APEC) for the first time in layer farms in
Bangladesh and their antibiotic resistance patterns.
Microorganisms  8(7):  1021.  https://doi.org/10.3390/
microorganisms 8071021

Jayarao BM and Wolfgang DR, 2003. Bulk-tank milk analysis. A
useful tool for improving milk quality and herd udder health.
The Veterinary clinics of North America. Food Animal
Practice 19(1): 75-92. https://doi.org/10.1016/S0749-
0720(02)00075-0

Kandeel SA, Morin DE, Calloway CD and Constable PD, 2018.
Association of California Mastitis Test scores with
intramammary infection status in lactating dairy cows
admitted to a veterinary teaching hospital. Journal of
Veterinary Internal Medicine  32(1): 497-505.
https://doi.org/10.1111/jvim.14876

Kassa F, Ayano AA, Abera M and Kiros A, 2014. Longitudinal
study of bovine mastitis in Hawassa and Wendo Genet small
holder dairy farms. Global Journal of Science Frontier
Research: D Agriculture and Veterinary 14(2): 33-42.

Kibebew K, 2017. Bovine mastitis: A review of causes and
epidemiological point of view. Journal of Biology,
Agriculture and Healthcare 7(2): 1-14.

Kim SM, Eo KY, Park TM and Cho GJ, 2023. Evaluation of
usefulness of infrared thermography for the detection of
mastitis based on teat skin surface temperatures in dairy
cows. International Journal of Veterinary Science 12(1): 1-
6. https://doi.org/10.47278/journal.ijvs/2022.151

Kumar K, 2020. Successful treatment of chronic fibrosed mastitis
with teat fibrosis in cows by homeopathic remedies in: A
review of 18 cases in field study. International Journal of
Current Microbiology and Applied Sciences 9(8): 3194-
3197. https://doi.org/10.20546/ijcmas.2020.908.364

Lambrini K, Aikaterini F, Konstantinos K, Christos I, loanna PV
and Areti T, 2021. Milk nutritional composition and its role
in human health. Journal of Pharmacy and Pharmacology 9:
8-13. https://doi.org/10.17265/2328-2150/2021.01.002

88

Int J Vet Sci, 2025, 14(1): 79-89.

Lavon Y, Ezra E, Friedgut O and Behar A, 2023. Economic
aspects of bovine ephemeral fever (BEF) outbreaks in dairy
cattle  herds. Veterinary  Sciences  10(11):  645.
https://doi.org/10.3390/vetscil0110645

Le Maréchal C, Thiery R, Vautor E and Le Loir Y, 2011. Mastitis
impact on technological properties of milk and quality of
milk products—a review. Dairy Science & Technology
91(3): 247-282. https://doi.org/10.1007/S13594-011-0009-6

Li SY, Liu SY, Wang HK, Zhang Y, Li ZR, Chen H, Wan WC
and Yang LF, 2018. The incidence of clinical mastitis and
distribution of microorganisms in Yangtze Dairy Farm.
Asian Journal of Advances in Agricultural Research 7(3): 1-
6. https://doi.org/10.9734/AJAAR/2018/41954

Lunagariya P, Shah S, Desai B, Pandya D and Divekar B, 2015.
Management of bovine ephemeral fever in crosshred cattle.
Intas Polivet 16(2): 411-413.

Ma Y, Ryan C, Barbano DM, Galton DM, Rudan MA, and Boor
KJ, 2000. Staphylococcus aureus stimulates urokinase-type
plasminogen activator expression by bovine mammary cells.
Journal of  Dairy  Science  83(2): 264-274.
https://doi.org/10.1086/517345

Mahamad Y and Mohammed H, 2023. Prevalence and incidence
of bovine mastitis in dairy farm of Haramaya University,
Eastern Ethiopia. Journal of Veterinary Science and Animal
Husbandry 10(3): 1120.

Maity S and Ambatipudi K, 2021. Mammary microbial dysbiosis
leads to the zoonosis of bovine mastitis: a One-Health
perspective. FEMS Microbiology Ecology 97(1): fiaa241.
https://doi.org/10.1093/femsec/fiaa241

Metz M, Sheehan J and Feng PCH, 2020. Use of indicator bacteria
for monitoring sanitary quality of raw milk cheeses - A
literature review. Food Microbiology 85: 103283.
https://doi.org/10.1016/j.fm.2019.103283

Min BR, Tomita G and Hart SP, 2007. Effect of subclinical
intramammary infection on somatic cell counts and chemical
composition of goat’s milk. Journal of Dairy Research 74(2):
204-210. https://doi.org/10.1017/s0022029906002378

Murphy SC, Martin NH, Barbano DM and Wiedmann M,
2016. Influence of raw milk quality on processed dairy
products: How do raw milk quality test results relate to
product quality and yield? Journal of Dairy Science 99(12):
10128-10149. https://doi.org/10.3168/jds.2016-11172

Nyokabi NS, Berg S, Mihret A, Almaw G, Worku GG, Lindahl
JF, Wood JLN and Moore HL, 2023. Adoption of biosecurity
practices in smallholder dairy farms in Ethiopia.
Transboundary and Emerging Diseases 2032: 2277409.
https://doi.org/10.1155/2023/2277409

Oliveira CA, Fernandes AM, Cunha OC, Fonseca LF, Silva EO
and Balin SC, 2002. Composition and sensory evaluation of
whole yogurt produced from milk with different somatic cell
counts. Australian Journal of Dairy Technology 57: 192-196.

Oziegbe O, Ojo-Omoniyi O, Ahuekwe EF, Nwinyi OC, Atulegwu
PE and Oziegbe EJ, 2023. Assessment of the effectiveness
of chlorination for drinking water treatment. In:
Biotechnological approaches to sustainable development
goals, Springer, Cham, pp: 119-127. https://doi.org/10.1007/
978-3-031-33370-5_8

Pacheappan GD, Samsudin NIP and Hasan H, 2022. The effects
of different disinfectants and application conditions on
microbial contaminants at dairy processing line. Journal of
Food Processing and Preservation 46(1): el6172.
https://doi.org/10.1111/jfpp.16172

Petrovski K, Trajcev M and Buneski G, 2006. A review of the
factors affecting the costs of bovine mastitis. Journal of the
South African Veterinary Association 77(2): 52-60.
https://doi.org/10.4102/jsava.v77i2.344

Pilarczyk-Zurek M, Sitkiewicz | and Koziel J, 2022. The clinical
view on Streptococcus anginosus group—opportunistic
pathogens coming out of hiding. Frontiers in Microbiology
13: 956677. https://doi.org/10.3389/fmich.2022.956677



https://doi.org/10.3168/jds.2012-6470
https://doi.org/10.5897/%20JVMAH2018.0731
https://doi.org/10.5897/%20JVMAH2018.0731
https://doi.org/10.1007/s00284-015-0958-8
https://doi.org/10.1016/j.vetmic.2019.108570
https://doi.org/10.1080/00480169
https://doi.org/10.3390/
https://doi.org/10.47278/journal.ijvs/2022.151
https://doi.org/10.20546/ijcmas.2020.908.364
http://dx.doi.org/10.17265/2328-2150/2021.01.002
https://doi.org/10.3390/vetsci10110645
https://doi.org/10.1007/S13594-011-0009-6
https://doi.org/10.9734/AJAAR/2018/41954
https://doi.org/10.1086/517345
https://doi.org/10.1016/j.fm.2019.103283
https://doi.org/10.1017/s0022029906002378
https://doi.org/10.1155/2023/2277409
https://doi.org/10.1155/2023/2277409
https://doi.org/10.1007/
https://doi.org/10.1111/jfpp.16172
https://doi.org/10.3389/fmicb.2022.956677
https://doi.org/10.3389/fmicb.2022.956677

Quddoumi SS, Bdour SM and Mahasneh AM, 2006. Isolation and
characterization of methicillin-resistant Staphylococcus
aureus from livestock and poultry meat. Annals of
Microbiology  56:  155-161.  https://doi.org/10.1007/
BF03174998

Quintana AR, Sesefia S, Garzén A and Arias R, 2020. Factors
affecting levels of airborne bacteria in dairy farms: A review.
Animals 10(3): 526. https://doi.org/10.3390/ani10030526

Rezzoagli C, Granato ET and Kimmerli R, 2020. Harnessing
bacterial interactions to manage infections: a review on the
opportunistic pathogen Pseudomonas aeruginosa as a case
example. Journal of Medical Microbiology 69(2): 147-161.
https://doi.org/10.1099/jmm.0.001134

Rossi CC, Pereira MF and Giambiagi-deMarval M, 2020.
Underrated Staphylococcus species and their role in
antimicrobial resistance spreading. Genetics and Molecular
Biology 43(1): €20190065. https://doi.org/10.1590/1678-
4685-GMB-2019-0065

Ruegg PL, 2017. A 100-Year Review: Mastitis detection,
management, and prevention. Journal of Dairy Science 100:
10381-10397. https://doi.org/10.3168/jds.2017-13023

Schauer B, Wald R, Urbantke V, Loncaric | and Baumgartner M,
2021. Tracing Mastitis  Pathogens-Epidemiological
Investigations of aPseudomonas aeruginosa Mastitis
Outbreak in an Austrian Dairy Herd. Animals 11(2): 279.
https://doi.org/10.3390/ani11020279

Schukken YH, Giinther J, Fitzpatrick J, Fontaine MC, Goetze L,
Holst O, Leigh J, Petzl W, Schuberth HJ, Sipka A, Smith
DG, Quesnell R, Watts J, Yancey R, Zerbe H, Gurjar A,
Zadoks RN and Seyfert H, 2011. Host-response patterns of
intramammary infections in dairy cows. Veterinary
Immunology and Immunopathology 144(3-4): 270-289.
https://doi.org/10.1016/j.vetimm.2011.08.022

Sharma N, Singh N and Bhadwal M, 2011. Relationship of
Somatic Cell Count and Mastitis: An Overview. Animal
Bioscience 24(3): 429-438. https://doi.org/10.5713/ajas.
2011.10233

Shurson GC, Urriola PE and van de Ligt JLG, 2022. Can we
effectively manage parasites, prions and pathogens in the
global feed industry to achieve one health? Transboundary
and Emerging Diseases 69(1): 4-30. https://doi.org/10.1111/
tbed.14205

Simdes M, Simdes L and Vieira MJ, 2010. A review of current
and emergent biofilm control strategies. LWT - Food
Science and Technology 43(4): 573-583. https://doi.org/10.
1016/j.Iwt.2009.12.008

Sobur MA, Sabuj AAM, Sarker R, Rahman AMMT, Kabir SML
and Rahman MT, 2019. Antibiotic-resistant Escherichia coli
and Salmonella spp. associated with dairy cattle and farm
environment having public health significance. Veterinary
World 12(7): 984-993. https://doi.org/10.14202/vetworld.
2019.984-993

Sora VM, Meroni G, Martino PA, Soggiu A, Bonizzi L and
Zecconi A, 2021. Extraintestinal Pathogenic Escherichia

89

Int J Vet Sci, 2025, 14(1): 79-89.

coli: Virulence factors and antibiotic resistance. Pathogens
10(11): 1355. https://doi.org/10.3390/pathogens10111355
SPSS, 2015. IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp.

Sudershan RV, Naveen KR, Kashinath L, Bhaskar V and Polasa
K, 2012. Microbiological hazard identification and exposure
assessment of poultry products sold in various localities of
Hyderabad, India. Scientific World Journal 2012: 736040.
https://doi.org/10.1100/2012/736040

Sule 10, Olorunfemi AA and Otori A, 2019. Mycological and
bacteriological assessment of poultry droppings from poultry
pens within llorin, Kwara, Nigeria. Science World Journal
14: 11-16.

Tancin V, Baranovic S, Uhrincat M, Macuhova L, Vrikova M and
Oravcova M, 2017. Somatic cell counts in raw ewes’ milk in
dairy practice: Frequency of distribution and possible effect
on milk yield and composition. Mljekarstvo 67: 253-260.
https://doi.org/10.15567/mljekarstvo.20 17.0402

Vissio C, Agiiero D, Raspanti C, Odierno L and Larriestra A,
2015. Productive and economic daily losses due to mastitis
and its control expenditures in dairy farms in Cordoba,
Argentina. Archivos de Medicina Veterinaria 47(1): 7-14.
http://dx.doi.org/10.4067/S0301-732X2015000100003

Wilson DJ, Skirpstunas RT, Trujillo JD, Cavender KB, Bagley
CV and Harding RL, 2007. Unusual history and initial
clinical signs of Mycoplasma bovis mastitis and arthritis in
first-lactation cows in a closed commercial dairy herd.
Journal of the American Veterinary Medical Association
230(10): 1519-1523. https://doi.org/10.2460/javma.230.10
.1519

Yashoda KP, Sachindra NM, SakharePZ and Narasimha RAO,
2001. Microbiological quality of broiler chicken carcasses
processed hygienically in a small scale poultry processing
unit.  Journal of Food Quality 24: 249-259.
https://doi.org/10.1111/J.1745-4557.2001.TB00606.X

Yilmaz S and Koyuncu M, 2022. Evaluation on Biosecurity
Practices of Dairy Farms in Bursa Province-11. Bursa Uludag
Universitesi Ziraat Fakiiltesi Dergisi 36(2) 317-336.
https://doi.org/10.20479/bursauludagziraat.1073094

Youssef DM, Wieland B, Knight GM, Lines J and Naylor NR,
2021. The effectiveness of biosecurity interventions in
reducing the transmission of bacteria from livestock to
humans at the farm level: A systematic literature review.
Zoonoses Public Health 68(6): 549-562. https://doi.org/10.
1111/zph.12807

Zhao X and Lacasse P, 2008. Mammary tissue damage during
bovine mastitis: causes and control. Journal of Animal
Science 86(13): 57-65. https://doi.org/10.2527/jas.2007-
0302

Zouharova M and Rysanek D, 2008. Multiplex PCR and RPLA
Identification of Staphylococcus aureus enterotoxigenic
strains from bulk tank milk. Zoonoses Public Health 55(6):

313-319. https://doi.org/10.1111/].1863-2378.2008.01134.x



https://doi.org/10.1007/%20BF03174998
https://doi.org/10.1007/%20BF03174998
https://doi.org/10.3390/ani10030526
https://doi.org/10.3390/ani11020279
https://doi.org/10.5713/ajas.%202011.10233
https://doi.org/10.5713/ajas.%202011.10233
https://doi.org/10.1111/%20tbed.14205
https://doi.org/10.1111/%20tbed.14205
https://doi.org/10.1111/%20tbed.14205
https://doi.org/10
https://doi.org/10.14202/vetworld
https://doi.org/10.3390/pathogens10111355
https://doi.org/10.2460/javma.230.10%20.1519
https://doi.org/10.2460/javma.230.10%20.1519
https://doi.org/10
https://doi.org/10.1111/j.1863-2378.2008.01134.x

